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Polythiophenes are generally insoluble except 
for 3-substituted derivatives with long alkane 
chains. The electrochemical oxidation of poly(3-
methylthiophene) in solution without the 
monomer caused dissolution of the film at 
potentials similar to the polymerization potentials 
until the film was extinguished completely from 
the electrode. It is due to oxidative degradation. 
When monomers are present in solution, the 
polymerization should occur. At intermediate 
concentrations of monomers, the polymerization 
may be competitive with the dissolution. This 
paper presents at first the kinetics of the 
dissolution and then extends to the competitive 
behavior. 
   Poly(3-methylthiophene) (poly-3MT) films were 
synthesized electrochemically by applying potentials of 
more than 1.5 V in nitrobenzene (NB) containing 0.1 M 
tetrabutylammonium tetrafluoroborate (TBATFB) and 0.1 
M 3MT at room temperature. Then the polymer film was 
rinsed sufficiently with NB before electrochemical 
measurements. EQCM was used for evaluating accurately 
the weight of the dissolved film, as shown in Fig.1 for 
various potentials.  
   A question necessarily addressed is whether the 
oxidation in a 3MT solution brings about the 
polymerization or the dissolution. Fig.2 (curve (a)) 
shows the dependence of the currents at 2.0 V on 
the concentrations at the poly(3MT)-coated 
electrode, expressing a concave curve. Possible 
reasons for the deviation from the proportionality 
are (i) non-linear reaction order in the 
polymerization kinetics and (ii) a larger 
contribution of the dissolution at lower 
concentrations. In order to see validity of reason 
(i), currents were measured at the bare Pt 
electrode (curve (b)). They were 1/5 smaller than 
those in curve (a) because the electrode for curve 
(a) was coated with a thick porous poly(3MT) film. 
The variation of c > 6 mM shows still a concave, 
supporting reason (i). No polymerization occurred 
for c < 6 mM. Thus, the difference in the currents 
for c < 6 mM contributes mainly to the dissolution.  
The chronoamperometric curve of the poly-3MT 
film in the solution of 0.1M TBATFB shows a 
rapid decay, followed by a plateau and then tends 
to zero. The film disappeared when the current 
got zero. In contrast, the current in 0.1 3MT 
solution increased with the time, suggesting 
growth of the film by the polymerization. The 
current in 6 mM 3MT solution shows the 
fluctuation, of which an average value is almost 
steady-state. The fluctuation implies that the 
3MT is sometimes polymerized and the poly-3MT 
is sometimes dissolved. Thus, the polymerization 
and the dissolution occur competitively.  
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Fig.1 Time-variations of the frequency change of 
poly(3MT) at EQCM after potential applications of 
(a) 1.65, (b) 1.7, (c) 1.75, (d) 1.8, (e) 1.85, (f) 1.9, (g) 
1.95 and (h) 2.0 V in the NB solution including 0.1 
M TBATFB. 
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Fig.2 Variation of currents at 2.0 V for the 
potential sweep of 0.01 V s-1 in the 0.1 M TBATFB 
+ NB solution including several concentrations of 
3MT at (a) the poly(3MT) coated electrode and (b) 
the bare Pt electrode. 
 
 
 
Fig.3 Current-time curves responding to 
application of 1.4 V in the solution including (solid 
curve) 6 mM 3MT + 0.1M TBATFB and (dashed 
curve) 0.1M TBATFB. 
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